closed. The pressure drop observed during the process was the result of gas adsorption and some dead volumes 127 in the reactor. We could exactly measure pressure reduction relevant to the gas adsorption by measuring the 128 dead volumes via a helium test. The CO 2 , CH 4 and N 2 used for the experiment were of 99.99 % purity.
Figure 1
D r a f t incorporation does not destroy the formation of the crystal structure of NaY zeolite. Furthermore, in the 137 composite, the weak peak of CNT at 2θ = 26° cannot be observed because of its overlapping with high-intensity 138 peaks of NaY zeolite. Also, after the incorporation of MWCNTs, peak intensities of the composite are higher,
139
indicating that crystallinity of NaY zeolite crystals in NC have improved compared with pure NaY zeolite. 
153
The SEM images of NaY zeolite and NC composite are shown in Fig. 4 . As can be seen, after MWCNT 154 incorporation, the crystalline shape of NaY zeolite in the composite has not changed. 
166
the crystal size reduction may also contribute to the increase of the surface area of NC composite. The effect of 167 particle size on the surface area of adsorbents has also been reported by others. 
201
Where q is the adsorbed capacity (mmol g -1 ) at equilibrium pressure P, q m and b (KPa -1 ) are the maximum 202 amount of gas adsorbed (mmol g -1 ) and the Langmuir constant, respectively.
203
Freundlich isotherm equation is given as follows:
205
Where n and k f (mmol g -1 KPa 1/n ) are the Freundlich constants related to the intensity of adsorption and the 206 adsorption capacity, respectively.
207
The Sips isotherm is the combined formula of Langmuir and Freundlich equations which is given by Eq.(3):
209
Where q (mmol g -1 ) is the amount of gas adsorbed at equilibrium pressure of P (KPa), q m is the maximum 210 adsorption capacity, b (KPa -1 ) is the adsorption equilibrium constant which shows the adsorbate affinity for the 211 surface of adsorbent, and n is the heterogeneity parameter. 45 
212
The fitting accuracy of the proposed model for the experimental data was estimated by an error function 213 based on the average percent deviation calculated according to:
equilibrium isotherms, and q exp and q cal are the experimental and calculated amounts adsorbed (mmol/g),
217
respectively.
218
As shown in Table 3 , among the three isotherms mentioned above, the Sips isotherm with high correlation 219 coefficients (R 2 > 0.99) and an average percent deviation value of less than 2% provides the best model for 220 adsorbents, and presents the excellent agreement between the model parameters and the experimental data,
221
which indicated the heterogeneous nature of the adsorbents surface.
222 Table 3 223
Adsorption Selectivity for gases
224
The pure component selectivity for gases was obtained from their adsorption isotherms. By applying Eq
225
(5), 46 the adsorption selectivity of gas 1 over gas 2 can be calculated, where V 1 and V 2 are the volumes of gases 226 1 and 2 adsorbed at certain temperature and pressure, respectively.
227
A
228 Fig. 9 shows the adsorption selectivities of CO 2 /CH 4 on NaY zeolite, CNT and NC composite at different 229 pressures and 298 K. As is clear, the NC composite has higher selectivity than NaY zeolite. Incorporation of
230
CNTs has significantly improved the selectivity of the NC composite compared with NaY zeolite. The
231
formation of the NC composite by NaY zeolite crystal growth on CNTs surface significantly increases the 232 micropore volume compared with NaY zeolite and also creates polarized activated sites or special structures.
31,35

233
Consequently, CO 2 molecules with the high quadrupole moment have a greater tendency towards NC composite
234
and therefore, the selectivity of NC composite is higher than NaY zeolite. 
247
For reduction of greenhouse gas emissions, the removal of CO 2 from flue gas in post combustion process is 248 important. The adsorption selectivities of CO 2 /N 2 on NaY zeolite and NC composite at two different 249 temperatures and P < 5 bar are shown in Fig. 10 . The NC composite has higher selectivity than NaY zeolite.
250
Moreover, selectivities of CO 2 /N 2 significantly increase at high temperature and low pressure. Since the flue gas 251 pressure, as well as its CO 2 concentration is low, therefore, NC composite is a promising candidate for the 252 capture of CO 2 from flue gas. Rising temperature has enhanced selectivity of CO 2 /N 2 on NC composite. Table 2 . Gas adsorption capacities of NaY zeolite, CNT and NC composite at two temperatures and 1 bar.
356 Table 3 . Langmuir, Freundlich, and Sips isotherm parameters for the adsorption of CO 2 and CH 4 on NaY
357
zeolite and NC composite 
